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Sunday, February 3, 2013 131aKATP channels are hetero-octamers composed of two subunits; a pore forming
Kir6 and a sulphonylurea receptor (SUR). SUR subunits regulate KATP
channel gating allosterically, in response to nucleotides and pharmacological
agents.
We have previously shown that residue D323 of Kir6.2 is central to interaction
with the nucleotide-binding fold 2 of SUR2A (Rubaiy et al, Biophysical J.
2011: 100; P432a). The aim of this study was to assess whether E332, the
corresponding residue in Kir6.1, plays an equally important role in Kir6.1/
SUR2A complexes. Wild type Kir6.1/SUR2A channels expressed in
HEK293 cells required activation by potassium channel opener pinacidil
(EC50 = 43.90 5 1.28 mM), in the presence of UDP (10 mM) before passing
current. Introduction of the single point mutation E332K into full length
Kir6.1 caused constitutive opening of Kir6.1/SUR2A channels in the absence
of pinacidil. Reinstatement of putative inter-subunit salt bridges by expressing
Kir6.1-E332K with charge reversal mutants SUR2A-Q1336E or SUR2A-
K1322D failed to restore regulated opening. Channels containing the
Kir6.1E332K mutant were also insensitive to block by high concentrations
of glibenclamide (100 mM). However, co-expression of Kir6.1-E332K with
SUR2A-K1322D restored glibenclamide sensitivity to wild type levels
((IC50 = 9.1251.12 nM), p < 0.15 versus wild type Kir6.1/SUR2A channel
(IC50 = 6.1451.13 nM). Together, these data suggest a key functional role
for inter-subunit salt bridges involving Kir6.1-E332K. Constitutive channel
opening on mutation of this residue suggests that Kir6.1E332 and salt
bridge(s) formed between it and the SUR subunit are crucial for stabilizing
closed states of Kir6.1-containing KATP channels.
671-Pos Board B440
A Cytoplasmic Inter-Subunit Salt Bridge, Kir6.1R347/SUR2AE1318,
Contributes to Allosteric Information Transmission in Kir6.14/SUR2A4
Channel Complexes
Hussein N. Rubaiy1,2, Richard D. Rainbow1, David Lodwick1,
Robert I. Norman1.
1University of Leicester, Leicester, United Kingdom, 2Department of
Physiology and Biophysics, Halifax, NS, Canada.
KATP channels are hetero-octamers composed of pore forming Kir6 (Kir6.1 or
Kir6.2) and a regulatory sulphonylurea receptor (SUR1, SUR2A or SUR2B)
subunits. Previous studies have revealed a salt bridge between Kir6.2K338
and SUR2AE1318 that is involved in inter-subunit transmission of allosteric in-
formation (Rubaiy et al, Biophysical J. 2011: 100; P432a). The aim of this
study was to assess whether Kir6.1R347, which corresponds to Kir6.2K338,
plays a similar role in Kir6.1-containing channels.
Whole-cell patch clamp recording was employed to assess channel sensitivity
to pinacidil and glibenclamide following mutation of single residues or rein-
statement of the proposed salt bridge by paired charge reversals in full length
Kir6.1/SUR2A channel subunits after heterologous expression in HEK-293
cells. A single point mutation, Kir6.1R347E expressed with wild type
SUR2A increased significantly (p < 0.006) the sensitivity to activation by
pinacidil of Kir6.1R347E/SUR2AWT channels (EC50 = 0.715 1.21 mM) ver-
sus wild type Kir6.1/SUR2A channels (EC50 = 43.905 1.28 mM). Reinstate-
ment of the cytoplasmic electrostatic interaction in the Kir6.1R347E/
SUR2AE1318R subunit combination reversed the sensitivity to pinacidil to
near wild type (EC50 = 23.55 1.3 mM, p< 0.028). Furthermore, glibenclamide
sensitivity was reduced significantly in the Kir6.1R374E/SUR2AWT channel
(IC50 = 241 5 1.09 nM, p < 0.015) and restored in Kir6.1R347E/
SUR2AE1318R (IC50 = 13.75 5 1.11 nM, p < 0.080) versus wild type
Kir6.1/SUR2A channel (IC50 = 6.14 5 1.13 nM). These data indicate that,
like Kir6.2K338, Kir6.1R347 makes a crucial contribution to allosteric infor-
mation transmission from SUR2A to the channel pore through inter-subunit
salt bridge formation with SUR2A1318.
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Naþ-activated potassium (KNa) channels encoded by the Slack and Slick genes
contribute to neuronal adaptation during sustained stimulation and regulate the
accuracy of timing of action potentials. Activation of protein kinase C (PKC)
increases the amplitude of Slack-B currents and slows their rate of activation.
Mutations in Slack channels which result in constitutive channel activation by
mimicking phosphorylation cause malignant migrating partial seizures of in-
fancy (MMPSI), a rare epileptic encephalopathy of infancy that combines phar-
macoresistant seizures with severe developmental delay. Slack protein isknown to interact with a variety of cytoplasmic signaling molecules. Using
resonance wavelength grating optical biosensors (the SRU Biosciences
BIND system), we have determined that direct pharmacological activation of
Slack channels by bithionol produces a sustained decrease in mass distribution
close to the plasma membrane, and that phosphorylation of Slack channels
mimics this decrease in mass. The very C-terminal domain of Slack has been
previously shown necessary for channel-protein interactions, and deletion of
this region abolished the observed signal. To determine which proteins or sig-
naling molecules are translocating from the plasma membrane upon channel
activation, an RNAi screen against probable channel binding partners was per-
formed, and the Protein Phosphatase 1 (PP1) targeting protein Phactr1 was
found to be necessary for this decrease in mass. We hypothesize that activation
of Slack by either bithionol or phosphorylation leads to the dissociation of
Phactr1 with PP1 from the channel complex, allowing the Slack channel to re-
main in its phosphorylated and active state. Activation of PKC does not result
in a decrease in mass in the human MMPSI mutants, possibly linking channel
excitability to downstream signaling mechanisms which may result in develop-
mental delay.
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Slack-B channels are expressed predominantly in brainstem regions and the
olfactory bulb. Using liquid-chromatography tandem mass spectrometry, we
determined that two Ser residues (S34 and S44) close to the N-terminus of
Slack-B are basally phosphorylated. To test the biological role of these sites
we performed site-directed mutagenesis, creating mutations that mimic either
phosphorylation (S->E) or dephosphorylation (S->A) at each or both site.
We found that correlated with a 20-fold increase in whole-cell currents, levels
of the nonphosphorylated mutant channel are greatly increased in cRNA-
injected Xenopus oocytes as compared to wild type (WT) Slack. Next, com-
paring the rate of protein accumulation in oocytes injected with equal
amounts of WT or mutant-encoding cRNA, we confirmed that the initial
rate of protein accumulation is significantly increased for the nonphosphory-
lated channel. Additionally, the time constant for protein accumulation was
much faster for nonphosphorylated channel, becoming saturated within two
days. In contrast, levels of the WT channel accumulated with linear kinetics.
We observed similar changes in Slack-B channel levels in HEK293 cells tran-
siently transfected with bicistronic vectors carrying DsRed (transfected cell
indicator) and WT or mutant Slack-Bl. To rule out the possibility that changes
in current result from effects of the mutations on electrophysiologic parame-
ters, we performed both macroscopic and single channel evaluation of each of
the mutants. We found no significant differences among the WT and mutant
Slack-B channels. Taken together, the results indicate that dephosphorylation
of these sites in nascent peptide chains is a required step for permitting the
translation of Slack mRNA to go to completion during channel synthesis.
Our findings also suggest that regulation of the phosphorylation state of
S34 and S44 may allow neurons to alter channel abundance rapidly in re-
sponse to stimulation.
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TWIK-related acid sensitive Kþ (TASK) channels belong to the K2P channel
family and contribute significantly to the background conductance in various
cell types, e.g. to IK,SO in cerebellar granule cells. It is known that stimulation
of Gq-protein coupled receptors (GqPCRs) causes strong and reversible inhibi-
tion of TASK channels. Yet, the underlying signaling cascade is still controver-
sial: Both, the inhibition of TASK by Gaq-protein via a direct molecular
interaction, or, alternatively, by signals downstream of phospholipase C
(PLC) activation have been proposed. PLC mediates the hydrolysis of
phosphoinositide-4,5-bisphosphate (PI(4,5)P2), thereby producing the second
messengers diacylglycerol (DAG) and inositol-1,4,5-trisphosphate (IP3).
Here, we examine the requirement of PLC in GqPCR-signaling for TASK-
inhibition.
Whole cell patch clamp experiments were performed on CHO cells expressing
TASK3 channels while PLC activity was modulated pharmacologically. PLC
was activated through the application of the PLC-activator m-3M3FBS causing
TASK3 current suppression. In contrast, Gq-mediated TASK3 inhibition by ac-
tivation of muscarinic M1 receptor was abolished by the PLC inhibitor U73122.
132a Sunday, February 3, 2013The efficiency of both pharmacological manipulations of PLCwas verified with
the DAG-sensor PKCg-C1 and the PI(4,5)P2-sensor PLCd1-PH, monitored in
total internal reflection fluorescence microscopy.
These data suggest that activation of PLC is an indispensable step in GqPCR –
TASK signaling and are inconsistent with the hypothesis that direct Gaq-inter-
action mediates TASK current inhibition.
This work was supported by DFG grant OL 240/3-1 (FOR 1086) to DO.
Chen, X. et al., 2006, PNAS 103, 3422-7.
Chemin, J. et al., 2003, EMBO J. 22, 5403-11.Lindner, M. et al., 2011,
J. Physiol. 589, 3149-62.
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Mammalian two-pore domain Kþ channels (K2P) mediate background Kþ con-
ductance and play an important role in regulation of cellular excitability and
electrolyte homeostasis. TWIK-1 (also known as K2P1), the first cloned mam-
malian K2P channel, is highly expressed in the brain, kidney, and heart. They
contribute to a large passive Kþ conductance in rat hippocampal astrocytes,
conduct inward leak Naþ currents in human cardiac myocytes under patholog-
ical hypokalemia, and regulate phosphate and water transport in mouse proxi-
mal tubule and medullary collecting duct, respectively. TWIK-1 Kþ channels
were first characterized in Xenopus oocytes and defined as weakly inward rec-
tifying Kþ channels. However, whether TWIK-1 Kþ channels show inward
rectification is contradictory, as several reports indicate that TWIK-1 Kþ
channels do not exhibit weakly inward rectification when expressed in mamma-
lian cells and Xenopus oocytes. Here we report that TWIK-1 Kþ channels het-
erologusly expressed in Chinese hamster ovary cells show weakly inward
rectification in physiological Kþ gradients. Such a rectification is caused by
voltage-dependent blockade of intracellular blockers rather than rapid fast
inactivation, as intracellular blockers bind to TWIK-1-specific sites in the inner
pore of TWIK-1 Kþ channels. These results improve current understandings of
the function of TWIK-1 Kþ channels as well as their contributions to cellular
behaviors.
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We are interested in understanding the mechanism of modulation of inwardly-
rectifying (Kir) and two-pore (K2P) potassium ion channels by physiological
and modulatory lipids. The phospholipid phosphatidylinositol 4,5-bisphosphate
(PIP2) is critical for Kir channel activity, and recent crystal structures of Kir2.2
(one of them in complex with PIP2) have shed light on PIP2–Kir channel
interactions. However, the mechanism of PIP2 binding and gating is not fully
understood. Here, we used a multi-scale approach, consisting of sequential
coarse-grained and atomistic molecular dynamics simulations of Kir2.2 embed-
ded in a phospolipid/PIP2 bilayer, to determine whether this computational
approach leads to the same PIP2–binding site as observed in the PIP2–bound
crystal structure. Our results correctly predict the PIP2 binding site in Kir2.2
even when slightly different structures were used as starting coordinates for
these simulations. These results therefore demonstrate the predictive power
of this computational approach for the study of protein interactions with PIP2
and possibly other modulatory lipids.
Having validated this multi-scale approach, we applied it to study both Kir and
K2P channels with PIP2 in physiological bilayers. TREK-1, the prototypical
K2P channel, is modulated by PIP2, but the exact mechanism by which it inter-
acts with PIP2 has not been fully elucidated. To explore these mechanisms, we
have built structural models of TREK-1 based upon the recent crystal structures
of the related K2P channels, TWIK-1 and TRAAK. These two different struc-
tural models of TREK-1 were validated by comparison to functional scanning
mutagenesis data, which revealed that TRAAK provides the best structural
template for modelling of TREK-1. This new structural model of TREK-1
now provides an opportunity to use multi-scale simulations to explore the inter-
action of TREK-1 with PIP2/modulatory lipids, and to gain a greater insight
into the molecular mechanisms which underlie regulation of K2P channel
gating.
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Health Sciences Center, Oklahoma City, OK, USA.The causes of rapid death in anthrax infection both in animals and humans are
unknown and concern over the use for biological warfare has renewed interest
in elucidating the mechanisms of anthrax induced inflammation. Interleukin-1b
(IL-1b) secretion is an important inflammatory response against anthrax lethal
toxin (LeTx) a virulence factor of Bacillus anthracis. Here, we report that LeTx
induces a significant increase in inwardly-rectifying Kþ (Kir) and voltage-gated
Kþ (Kv) currents in mouse and human macrophages. Furthermore, we also
show that blocking either Kir or Kv channels significantly inhibits LeTx-
induced IL-1b secretion suggesting that activation of macrophage Kþ channels
plays an important role in LeTx-induced inflammatory response. In addition,
we also investigated the role of macrophage Kþ channels in macrophage prim-
ing, a well-known macrophage infection model involving pre-exposure of the
cells to a low level of antigen that augments the response to subsequent chal-
lenge. Specifically, priming of alveolar macrophages by either Lipopolysaccha-
rides (LPS), an endotoxin of all gram-negative bacteria, or Bacillus spores,
augments inflammatory response upon LeTx stimulation as compared to un-
primed cells challenged with LeTx alone. Our study shows that pre-exposure
to low levels of LPS or to the spores also significantly augments LeTx-
induced activation of macrophage Kþ channels suggesting that activation of
Kþ channels might be part of the priming mechanism.
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The firing of a train of action potentials in hippocampal pyramidal CA1 neurons
is regulated by both medium (mAHP) and slow (sAHP) afterhyperpolariza-
tions. The mAHP is generated by activation SK and M-channels, and the
deactivation of hyperpolarisation-activated H-current. In contrast, the sAHP
is mediated by activation of an unknown calcium-dependent potassium
channel. Organotypic hippocampal slices are a useful tool for studying the
effects of altered protein expression, but it is not known whether neurons main-
tain the channel subtypes that underlie the mAHP or sAHP. The mAHP (gen-
erated by 25 action potentials initiated from a 80 mV) was inhibited 52% by
apamin (100 nM) and 49% by XE991 (10 mM), indicating that it is generated by
activation of both SK and M channels. The amplitude of the mAHP was found
to increase with action potential number, an effect that was blunted by apamin.
These data indicate that activation of SK channels, and not M-channels, are pri-
marily responsible for the recruitment of the mAHP in response to increasing
trains of action potentials. As previously described, application of isoprenaline
significantly suppressed the sAHP. Interestingly, application of isoprenaline
(1 mM) also suppressed the mAHP in organotypic slices by 52 5 0.05 %
(n=5). The prior block of SK channels by apamin did not prevent suppression
of the mAHP by isoprenaline, indicating that suppression of the mAHP by
b-adrenergic receptor activation does not result from inhibition of SK channel
activity. These data indicate that organotypic slices retain the channel subtypes
that underlie the medium and slow AHPs. The novel effect of isoprenaline sug-
gests that the increased excitability of hippocampal neurons observed in the
presence of the b-receptor agonist is a combined effect of suppressing both
the medium and slow AHPs.
Voltage-gated Na Channels
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Microsecond atomic detail equilibrium molecular dynamics simulations based
on the open-state crystal structure (McCusker et al, 2012, Nature Comm) of
a bacterial voltage-gated sodium channel (NavMs) have been employed to
characterize the mechanisms underlying ion selectivity and conductance of
the channel embedded in a lipid bilayer membrane. This approach captured
the full plethora of conduction events, revealing a complex mixture of single
and multi-ion phenomena, with decoupled rapid bi-directional water transport.
Channel selectivity for Na over K ions was found to increase with decreasing
applied membrane potential. In marked difference to K-channel simulations, no
voltage lag was observed for Naþ. Unlike in Kþ channels, the ions are fully
